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WKH PDQXIDFWXUHU¶V SURWRFRO )RU WKH DQDO\VLV RI IUHH IDWW\ DFLGV ))$ WRWDO FKROHVWHURO DQG
WULJO\FHULGHVVHUXPFRQFHQWUDWLRQVLQIDVWHGPLFHDQDXWRPDWLFFKHPLFDODQDO\]HUZDVXVHGSURYLGHG
E\WKH,QVWLWXWHRI/DERUDWRU\0HGLFLQHDQG&OLQLFDO&KHPLVWU\0HGLFDO'HSDUWPHQW8QLYHUVLW\RI
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51$LVRODWLRQDQGTXDQWLWDWLYH5HDO7LPH3&5
51$LVRODWLRQDQGTXDQWLWDWLYHUHDOWLPH3&5ZHUHSHUIRUPHGDVSUHYLRXVO\GHVFULEHG>@51$RI
SULPDU\ DGLSRF\WHVZDV LVRODWHG XVLQJ ,QYL7UDS6SLQ7LVVXH51$0LQL.LW 6WUDWHF%LRPHGLFDO
%LUNHQIHOG *HUPDQ\ DV VSHFLILHG E\ WKH PDQXIDFWXUHU P51$ H[SUHVVLRQ RI JHQHV OLVWHG LQ
6XSSOHPHQWDU\ 7DEOH  ZDV GHWHUPLQHG DQG TXDQWLILFDWLRQ RI VSHFLILF P51$ H[SUHVVLRQ ZDV
FDOFXODWHGUHODWLYHWR36B4XVLQJWKHǻǻ&7PHWKRG
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$GLSRF\WH LVRODWLRQ DGLSRF\WH GLVWULEXWLRQ KLVWRORJ\ RI $7 DQG IORZ F\WRPHWU\ RI $7
PDFURSKDJHV
$IWHU VDFULILFLQJ WKH DQLPDOV VF DQG HSL IDW GHSRWVZHUH UHPRYHG$GLSRF\WHVZHUH LVRODWHG YLD
FROODJHQDVHGLJHVWLRQPJPOLQDVKDNLQJZDWHUEDWKDW&IRUPLQXWHVODOLTXRWVRI
DGLSRF\WHVZHUHIL[HGZLWKRVPLFDFLGDW&IRUKLQWKHGDUNDQGVXEVHTXHQWO\FRXQWHGLQD
&RXOWHUFRXQWHU0XOWLVL]HU,,,%HFNPDQ&RXOWHU&RXQWHU.UHIHOG*HUPDQ\+LVWRORJ\RI$7DV
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3ULPDU\&HOO&XOWXUHV
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$7.ON DQG $7.ON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GLIIHUHQWLDWHGIRUGD\VDVSUHYLRXVO\DVSUHYLRXVO\GHVFULEHG>@%ULHIO\SRROHGWLVVXHSLHFHVZHUH
PLQFHGDQGGLJHVWHGLQKHSHVLVRODWLRQEXIIHU0+(3(6P01D&OP0.&OP0
&D&OP0JOXFRVH%6$SHQLFLOOLQVWUHSWRP\FLQDQGZYFROODJHQDVH,,S+
IRUPLQDW&7KHFHOOVXVSHQVLRQZDVILOWHUHGWKURXJKDPQ\ORQILOWHUDQGVXEVHTXHQWO\
LQFXEDWHGRQLFHIRUPLQWROHWWKHPDWXUHDGLSRF\WHVIORDWXS69)DQGPDWXUHDGLSRF\WHVZHUH
VHSDUDWHGDQG69)IUDFWLRQZDVILQHILOWHUHGWKURXJKDPQ\ORQILOWHUIROORZHGE\FHQWULIXJDWLRQ
JPLQ&0HGLXPZDVUHPRYHGDQGSUHDGLSRF\WHVZHUHUHVXVSHQGHGLQHU\WKURF\WHO\VLV
EXIIHU IRU PLQ$IWHU FHQWULIXJDWLRQ FHOOVZHUH VXVSHQGHG LQaPO FXOWXUHPHGLXP '0(0
FRQWDLQLQJ  )&6  SHQLFLOOLQVWUHSWRP\FLQ DQG JPO VRGLXP DVFRUEDWH  PO FHOO
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VXVSHQVLRQZHUHVHHGHGSHUFPDQGJURZQDW&DQG&20HGLXPZDVFKDQJHGDWILUVWGD\
DQGWKHQHYHU\VHFRQGGD\$IWHUWKHFHOOVUHDFKHGFRQIOXHQF\GD\PHGLXPZDVFKDQJHGWRWKH
GLIIHUHQWLDWLRQ FRFNWDLO FXOWXUH PHGLXP VXSSOHPHQWHG ZLWK  Q0 LQVXOLQ  Q0 7  0
URVLJOLWD]RQHDQGJPOGH[DPHWKDVRQHIRUWZRGD\VIROORZHGE\URVLJOLWD]RQHDQGLQVXOLQIURP
GD\  DQG LQVXOLQ RQO\ IURP GD\  $QDO\VLV RI OLSLG DFFXPXODWLRQ XVLQJ $GLSR5HG DQG
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6WDWLVWLFDODQDO\VLV
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
5HVXOWV
*HQHUDWLRQRIPLFHZLWKDGLSRVHWLVVXHVSHFLILFORVVRINDOOLNUHLQ$7Klk7
7RJHQHUDWHDGLSRVHWLVVXHVSHFLILFNQRFNRXWPLFHPLFHKRPR]\JRXVIRUOR[3IODQNHGKlk7DOOHOH
Klk7flox/floxZHUHFURVVHGZLWKPLFHH[SUHVVLQJ&UHUHFRPELQDVHXQGHUFRQWURORIWKHDGLSRVHVSHFLILF
IDWW\DFLGELQGLQJSURWHLQ)DESSURPRWHU7KHWDUJHWLQJVWUDWHJ\LVVKRZQLQ)LJXUH$0LFH
ZHUHJHQRW\SHGE\3&5DQDO\VLVRIJHQRPLF'1$*HQRPLF'1$IURP:7.ONSUHGLFWHG3&5
SURGXFWVL]HRIESKHWHUR]\JRXVIOR[HG.ONSUHGLFWHG3&5SURGXFWVRIDQGESRU
KRPR]\JRXVIOR[HG.ONPLFH.ONSUHGLFWHG3&5SURGXFWRIESZHUHXVHGIRU3&5RIWKH
IOR[HG.ONDOOHOHDQGVKRZHGWKHSUHGLFWHGEDQGVIRUHDFKJHQRW\SH)LJ%*HQRPLF'1$IURP
)DES&UHPLFHXVHGIRU3&5RIWKH&UHDOOHOHDOVR\LHOGHGWKHSUHGLFWHG3&5SURGXFWRIES
)LJ%.QRFNGRZQDQG$7VSHFLILFLW\RIWKH)DES&UHB.ON$7Klk7-/-ZDVH[DPLQHGE\
3&5DQDO\VLVLQYDULRXVWLVVXHVKHDUWEUDLQSDQFUHDVVNLQWDLOLVRODWHGDGLSRF\WHVIURPHSLDQGVF
$7IRU$7Klk7ííDQGFRQWUROPLFH)LJ&$7Klk7-/-PLFHH[KLELWDQDGLSRF\WH$7VSHFLILFORVV
RIWKHIOR[HG.ONDOOHOH)LJ&
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$7.ONGHILFLHQF\SUHYHQWVH[WHQVLYHHSLJRQDGDO$7DFFXPXODWLRQXSRQ+)'
&RPSDULVRQRI$7Klk7DQGFRQWUROVXQGHUQRUPDOFKRZDQG+)'GHPRQVWUDWHGWKDW.ONGHILFLHQW
PLFHJDLQOHVVZHLJKWERWKXQGHUFKRZDQG+)'FRQGLWLRQV)LJ$%DQGH[KLELWaOHVVERG\
ZHLJKWDWWKHHQGRIWKHVWXG\)LJ&%RG\FRPSRVLWLRQDQDO\VHVXVLQJ(FKR05,UHYHDOHGWKDW
XQGHUERWKFKRZDQG+)'FRQGLWLRQVWRWDOERG\IDWDQGOHDQPDVVZHUHQRWVLJQLILFDQWO\GLIIHUHQW
EHWZHHQ $7Klk7 DQG FRQWURO PLFH )LJ ' ( 1RWHZRUWK\ UHODWLYH OLYHU ZHLJKWV ZHUH QRW
GLIIHUHQWEHWZHHQWKHJHQRW\SHVXQGHUERWKFRQGLWLRQV)LJ),PSRUWDQWO\XSRQ+)'$7Klk7
PLFHDFFXPXODWHVLJQLILFDQWO\PRUHVF$7YV)LJ*DQGVLJQLILFDQWO\OHVVHSLJRQDGDO
IDWFRPSDUHGWRFRQWUROVYV)LJ+$7.ONGHILFLHQF\GLGQRWFDXVHDOWHUDWLRQVLQ
FLUFXODWLQJSDUDPHWHUVRIJOXFRVHDQGOLSLGPHWDEROLVPRULQVXOLQVHQVLWLYLW\7DEOH+RZHYHUDIWHU
ZHHNVRI+)'$7Klk7PLFHH[KLELWVLJQLILFDQWO\ORZHUIDVWHGOHSWLQLQVXOLQDQGLQWHQGHQF\
&SHSWLGH VHUXP FRQFHQWUDWLRQV 7DEOH  7RJHWKHU WKHVH REVHUYDWLRQV LQGLFDWH WKDW ./.
GHILFLHQF\SURPRWHVD VKLIW LQ DGLSRVH WLVVXHGLVWULEXWLRQZLWKHQKDQFHGVF$7H[SDQGDELOLW\DQG
SUHYHQWLRQRIH[WHQVLYHHSL$7DFFXPXODWLRQXQGHU+)'LQ$7Klk7PLFH

$7.ONGHILFLHQF\LQFUHDVHVHQHUJ\H[SHQGLWXUHDQGIRRGLQWDNHXQGHU+)'
6LQFH$7Klk7PLFHH[KLELW ORZHUERG\ZHLJKWVERWKXQGHUFKRZDQG+)'FRQGLWLRQVZHQH[W
LQYHVWLJDWHGIRRGLQWDNHDFWLYLW\DQGHQHUJ\H[SHQGLWXUHLQPHWDEROLFFKDPEHUVWXGLHVRYHUKRXUV
,QGLUHFW FDORULPHWU\ UHYHDOHG KLJKHU R[\JHQ FRQVXPSWLRQ 92 DQG FDUERQ GLR[LGH SURGXFWLRQ
9&2LQ$7Klk7FRPSDUHGWRFRQWUROPLFHDIWHU+)')LJ$%%RWKZHUHVLJQLILFDQWO\KLJKHU
RYHUWKHZKROHGD\KVSDQLQSDUWLFXODUGXULQJWKHOLJKWSKDVH)XUWKHUPRUHLQ$7Klk7PLFH
WKHUHVSLUDWRU\H[FKDQJHUDWLR5(5ZDVVLJQLILFDQWO\GHFUHDVHGERWKGXULQJWKHGD\DQGQLJKWGD\
YVS QLJKWYVS LQGLFDWLQJDVKLIWIURPFDUERK\GUDWHWRIDWW\
DFLGPHWDEROLVP)LJ&:KHUHDV$7Klk7PLFHH[KLELWKLJKHUHQHUJ\H[SHQGLWXUH ORFRPRWRU
DFWLYLW\ZDVQRWGLIIHUHQWEHWZHHQERWKJHQRW\SHV)LJ'(6XUSULVLQJO\FXPXODWLYHIRRGLQWDNH
ZDV VLJQLILFDQWO\KLJKHU LQ$7Klk7FRPSDUHG WRFRQWUROPLFH )LJ)7KHVH ILQGLQJVSURYLGH
GLUHFWHYLGHQFHWKDW.ONGHILFLHQF\LQDGLSRVHWLVVXHUHVXOWVLQKLJKHUHQHUJ\H[SHQGLWXUHWRJHWKHU

ZLWKLQFUHDVHGIRRGLQWDNHDQGLPSURYHGIDWW\DFLGR[LGDWLRQ7KHVHSDUDGR[LFDOILQGLQJVFRXOGEH
GXHWRDOWHUDWLRQVLQDGLSRVHWLVVXHIXQFWLRQZKLFKDUHUHIOHFWHGE\ORZHUOHSWLQVHUXPFRQFHQWUDWLRQV
LQ $7Klk7 FRPSDUHG WR FRQWURO PLFH DIWHU +)' 7DEOH  +RZHYHU DGLSRQHFWLQ VHUXP
FRQFHQWUDWLRQV ZHUH QRW DIIHFWHG E\ $7 .ON GHILFLHQF\ VXJJHVWLQJ WKDW .ON LQ DGLSRVH WLVVXH
UHJXODWHVDGLSRNLQHUHOHDVHLQDVSHFLILFPDQQHU$7Klk7PLFHWKXVVHHPWREHWWHUDGDSWWRD+)'

/RVVRIKlk7LQ$7DPHOLRUDWHVGLHWLQGXFHGZKROHERG\LQVXOLQUHVLVWDQFH
%RWKFRQWURODQG$7Klk7PLFHGHYHORSDPLOGIDVWLQJK\SHUJO\FHPLDLQUHVSRQVHWR+)'7DEOH
EXW+E$FZDVQRWGLIIHUHQWEHWZHHQWKHJHQRW\SHV7DEOH8QGHUFKRZFRQGLWLRQVJOXFRVH
WROHUDQFHDQGLQVXOLQWROHUDQFHZHUHVLPLODUEHWZHHQ$7Klk7DQGFRQWUROPLFH)LJ$%*OXFRVH
WROHUDQFHZDVPDUJLQDOO\LPSURYHGDQGDOVRK\SHULQVXOLQHPLFHXJO\FHPLFFODPSVWXGLHVLQGLFDWHGD
VOLJKWEXWQRWVLJQLILFDQWLPSURYHPHQWRILQVXOLQVHQVLWLYLW\IRU$7Klk7PLFHXQGHUFKRZGLHW)LJ
& $OWKRXJK XQGHU +)'IHG FRQGLWLRQV JOXFRVH WROHUDQFH GHWHULRUDWHG LQ D SDUDOOHO IDVKLRQ LQ
$7Klk7 DQG FRQWURO PLFH )LJ $ $7Klk7PLFH UHPDLQHG LQVXOLQ VHQVLWLYH DV LQGLFDWHG E\
LQVXOLQWROHUDQFHWHVWV)LJ%DQGORZHUIDVWHGLQVXOLQDQG&SHSWLGHVHUXPFRQFHQWUDWLRQV)LJ
&'7DEOH6LJQLILFDQWO\KLJKHU&SHSWLGHLQVXOLQUDWLRVLQ$7Klk7PLFHLQGLFDWHGLPSURYHG
LQVXOLQ FOHDUDQFH )LJ ) $OVR WKH OHSWLQ  DGLSRQHFWLQ UDWLR D VXUURJDWHPDUNHU WR DVVHVV WKH
PHWDEROLFV\QGURPHZDVVLJQLILFDQWO\ORZHULQ$7Klk7PLFHXQGHU+)'7DEOH

$OWHUHGVXEFXWDQHRXVDGLSRF\WHPRUSKRORJ\VXEFXWDQHRXV$7H[SDQGDELOLW\DQGH[SUHVVLRQ
RINH\$7JHQHV
7RLQYHVWLJDWHZKHWKHUWKHDOWHUHG$7GLVWULEXWLRQLQ$7Klk7PLFHXQGHU+)'ZDVDFFRPSDQLHG
E\ FKDQJHV LQ DGLSRF\WH PRUSKRORJ\ ZH DQDO\]HG $7 KLVWRORJ\ DQG PHDVXUHG DGLSRF\WH VL]H
GLVWULEXWLRQ+HPDWR[\OLQHRVLQ+(VWDLQLQJRIWKHVXEFXWDQHRXVDQGHSLJRQDGDO$7GHSRWVFOHDUO\
VKRZHGGLHWLQGXFHGK\SHUWURSK\RIDGLSRF\WHVLQGHSHQGHQWRIJHQRW\SHDQG$7GHSRW)LJ$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0HDQVL]HRIHSLJRQDGDODGLSRF\WHVZDVQRWGLIIHUHQWEHWZHHQWKHJHQRW\SHVERWKXQGHUFKRZDQG

+)'FRQGLWLRQVZKHUHDVH[SDQGDELOLW\RIVF$7VHHPVWREHLQFUHDVHGLQ$7Klk7FRPSDUHGWR
FRQWUROPLFH)LJ%
0DUNHUJHQHH[SUHVVLRQDQDO\VHVGLGQRWLQGLFDWHGLIIHUHQFHVLQ$7PparȖH[SUHVVLRQ)LJ&EXW
UHYHDOHGVLJQLILFDQWO\ORZHUH[SUHVVLRQRIWKHSUROLIHUDWLRQPDUNHUKi-67LQ$7GHSRWVXSRQ+)'LQ
$7Klk7PLFH)LJ',QWHUHVWLQJO\ZHIRXQGH[SUHVVLRQRI.USSHOOLNHIDFWRUKlf4DQGIDWW\
DFLG WUDQVSRUW SURWHLQ  Fatp4 VLJQLILFDQWO\ UHGXFHG LQ VXEFXWDQHRXV $7 RI $7Klk7PLFH YV
FRQWUROVXQGHU+)')LJ()([SUHVVLRQRIWKH./.LQKLELWRUYDVSLQLQ$7ZDVGHFUHDVHGZLWK
DVLJQLILFDQWUHGXFWLRQLQHSL$7RI+)'IHGLQ$7Klk7PLFH)LJ*

$7.ONGHILFLHQF\GRHVQRWDIIHFWDGLSRJHQHVLVLQSULPDU\DGLSRF\WHV
3ULPDU\DGLSRF\WHVZHUHGLIIHUHQWLDWHGIURPWKHVWURPDYDVFXODUIUDFWLRQ69)RIHSL$7VF$7DQG
%$7 IURP ERWK FRQWURO DQG$7Klk7 PLFH IHG FKRZGLHW$OO 69) IUDFWLRQV GLIIHUHQWLDWHG LQWR
PDWXUHDGLSRF\WHVDQGGD\VDIWHULQGXFWLRQRIDGLSRJHQHVLVWKHYDVWPDMRULW\RI69)FHOOVIURPVF
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)LJXUH$'HQVLW\RIGLIIHUHQWLDWHGSULPDU\DGLSRF\WHVIURPHSL
$7 ZDV OHVV IRU ERWK JHQRW\SHV )LJXUH $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UHYHDOHG D KLJKHU OLSLG FRQWHQW LQ WHUPLQDOO\ GLIIHUHQWLDWHG SULPDU\ DGLSRF\WHV IURP HSL $7 RI
$7Klk7-/- PLFH FRPSDUHG WR FRQWUROV ZKLOH SULPDU\ DGLSRF\WHV IURP VF $7 RI $7Klk7-/- PLFH
H[KLELWHGVOLJKWO\EXWVLJQLILFDQWO\UHGXFHGOLSLGFRQWHQWFRPSDUHGWRFRQWUROV)LJXUH%QRWHWKH
GLIIHUHQW\D[HV,QOLQHZLWKWKHPLFURVFRS\GDWDWKHIOXRUHVFHQFHVLJQDOZDVaIROGORZHUIRU
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